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(54) Optical scanner 

(57) Apparatus for scanning a docu- 
ment includes an array of light ennitting 
diodes, or optical fibres, arranged 
across the width of the docunnentand 
extending further than its edges, a 
corresponding array of photo-diodes, 
or fibre optics connected to photo- 
diodes, for providing analogue intensity 
signals indicative of the degree of trans- 
mission of light to each sensor, and an 
analysing circuit responsive to each of 
the intensity signals to determine the 
condition of the document, and espe- 



cially to determine the position of the 
edges of the document, and the posi- 
tion of any pin-holes or tears in the 
document. According to the invention, 
the analysing circuit derives signals 
indicative of the relative intensity value 
of each analogue signal with regard to 
three or more predetermined threshold 
values of intensity, each threshold level 
corresponding to a different degree of 
obscuration of a sensor by the corres- 
ponding area of the document. If a 
threshold value T3 is exceeded, but a 
higher threshold value T4 is not ex- 
ceeded, then the circuit assumes that 
the corresponding sensor suffers 
obscuration, and that for example the 
edge of the document lies at a distance 
from the neighbouring sensor equal to 
74 of the separation between adjacent 
sensors. This enables the position of 
the edge or fault to be determined with 
resolution greater than the spacing be- 
tween the sensors or the sensing ends 
of the optical fibres. 
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Optically scanning a surface 

5 This invention relates to apparatus for scanning a 
surface to deternnine its condition and/or the posi- 
tion of its edges, and is particularly useful for 
scanning banknotes or other documents. 
Conventional optical apparatus for detecting 

10 flaws, stains and holes in web material, such as is 
described in British patent No. 1204951, includes a 
plurality of photodetectors disposed in a parallel 
configuration to detect reflected or transmitted light 
from the web material. A signal from each detector is 

15 amplified in a separate channel, and the amplified 
signal is compared with a threshold level. The result 
of the comparison indicates the presence or absence 
of an abnormally high signal level which would 
indicate a flaw such as a stain or hole in the region of 

20 the web material adjacent to that detector. 

This technique was refined m the apparatus of 
British patent No.1387320, which was particularly 
useful for detecting stains and flaws on the surface 
of moving sheet metal. An amplified signal from 

25 each of an array of photodetectors was compared 
with two different threshold levels. If the signal 
exceeded the upper threshold orfell to a level below 
the lower threshold then the presence of the speck 
was assumed, for example. The outputs from each 

30 of the threshold comparators were combined at OR 
gates in order to determine the presence of a single 
speck or else to decide if a particular strip of metal 
contained too many specks. 
In all known sets of optical apparatus for scanning 

35 the surface of web material, even in those which use 
two different threshold levels in the analysing circuit, 
the resolution is limited by the physical size of the 
photodetectors. For an array of adjacent photodetec- 
tors, the optical resolution is equal to the distance 

40 between the centres of adjacent detectors. If the light 
from the detected area of the surface is made to 
diverse before it reaches the array of photodetectors, 
a greater resolution could in theory be obtained. 
However, accurate measurements of the optical 

45 transmission factor of a web of material can only be 
obtained using parallel, non-divergent beams of 
light, and this requires that the photodetectors are as 
close together as are the regions on the surface 
which they detect. The situation can be improved 

50 with the use of optical fibres or fibre bundles, which 
allow the photodetectors to be stationed remotely 
from the surface which they detect. Nevertheless, 
the resolution of the system is still limited by the 
physical separation of adjacent optical fibres. 

55 It is therefore an object of the present invention to 
provide apparatus of the type described above for 
scanning the surface to determine the position of its 
edges or of pin-holes or tears to a greater optical 
resolution than was previously possible. 

60 Apparatus according to the invention for scanning 
a surface of a sheet or web to determine the position 
of f au Its in the sheet or web or of the edge of the 
sheet or web, comprises a plurality of photoelectric 
sensors arranged transversely across the surface to 

65 receive light from a corresponding plurality of 



elemental areas across a transverse strip of the 
surface, conveyor means for providing relative lon- 
gitudinal movement ofthe sheet or web with respect 
to the sensor array, allowing the sensor array to scan 

70 the sheet or web longitudinally, and a processing 
circuit to determine the relationships between the 
signal from each sensor, representing the intensity 
of received light, and three or more predetermined 
threshold values of intensity and, in accordance with 

75 the said relationships, to determine the transverse 
position of any discontinuity in the amount of light 
received from the elemental areas across the strip, 
corresponding to a fault in or an edge ofthe sheet, to 
a greater resolution than would be possible using 

80 only one threshold value of intensity for each sensor. 
The improvement in the resolution obtainable is 
by a factor equal to the number of threshold values. 
In the preferred embodiment ofthe invention four 
threshold values are chosen so that the degree of 

85 obscuration of each sensor can be detected to the 
nearest quarter ofthe distance separating adjacent 
sensors. 

The apparatus preferably includes means respon- 
sive to the signal obtained from a sensor which is 
90 completely obscured by the said surface, to derive a 
signal indicative ofthe optical transmission factor of 
the region ofthe surface which is obscuring the 
sensor. The optical transmission factor provides an 
indication ofthe presence of soil or grease on or 
95 under the surface. 

In the preferred apparatus, the processing circuit 
includes means responsive to the said relationships 
between the signals and the threshold values, to 
determine the position on edge or both edges ofthe 

100 surface, by locating a group of adjacent sensors 

showing a transition from substantial obscuration to 
substantial transmission of light. The said relation- 
ships indicate the degree of obscuration ofthe 
sensor overlying the edge ofthe surface, enabling a 

105 processing circuit to determine the position ofthe 
edge with an accuracy at least as great as one third 
ofthe separation between adjacent sensors. 

The presence and position of pin-holes or tears in 
the surface are preferably determined by the proces- 

110 sing circuit in a manner similar to that described 
above for locating the edge of the surface. Tears in 
the edge ofthe surface are distinguished as sudden 
reductions in the apparent position ofthe edge ofthe 
surface. 

115 The sensors are preferaby coupled to their corres- 
ponding areas ofthe surface by means of optical 
fibres or bundles of optical fibres. The array of 
sensors is then constituted by a fibre optic detector 
head housing one end of each ofthe optical fibres, 

120 the opposite end of each fibre being coupled to its 
associated photoelectric sensor. 

The illumination means preferably comprises a 
light source coupled to the other face ofthe surface 
by means of an array of optical fibres. Each ofthe 

125 optical fibres has one end coupled to the light source 
and the opposite end coupled to a fibre optic source 
head stationed next to the said surface. The fibre 
optic source head and the fibre optic detector head 
are preferably arranged on opposite sides of the said 

130 surface so that parallel, non-divergent beams of light 
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pass through the surface from each element of the 
source head to its associated element of the detector 
head. The divergence of the beams of light may be 
controlled with the aid of lenses interposed in the 
5 light path between the source head and the detector 
head. 

In order that the invention may be better under- 
stood, several embodiments of the invention will be 
described below with reference to the accompany- 

10 ing drawings, wherein :- 

Figure 1 shows a document passing between a 
source head and a detector head, the arrangement 
being shown both in the plane of the light beams 
and in the plane of the documents; 

15 Figure 2 IS a graph showing the variation of the 
output level from the detector with the degree of 
obscuration of the detector head by a portion of the 
document of Figure 1; 
Figure 3 \s a graph similar to that of Figure 2, 

20 showing variations of detector output for different 
types of document being scanned; 

Figure 4A illustrates the method by which the 
edge of a document is recognised; 
Figure 4B illustrates the way in which both holes in 

25 the document and the edge of the document are 
detected by this system; 

Figure 5 shows an embodiment of the Invention 
employing exclusively fibre optic cables; 
Figure 6 shows in detail a single element of the 

30 optica! system, comprising a fibre optic source, a 
fibre optic detector and two lenses; and 

Figure 7 shows a further emobdiment of the 
invention, using assemblies of light emitting diodes 
and photodiode detectors in place of the fibre optics 

35 of Figures 5 and 6. 

The principle behind the Invention is illustrated in 
Figure 1, showing a document 1 intercepting the 
optical paths between an array of light sources S and 
an array of corresponding detectors D. The arrange- 

40 ment is shown In plan view, i.e. In the plane of the 
light paths perpendicular to the document, and also 
in side view. I.e. In the plane of the document 1. The 
document 1 is translated past the detectors in a 
direction indicated by an arrow 2. 

45 The output from each photodetector of the array D 
of photodetectors depends on the degree with which 
It is obscured by the document. The variation of the 
intensity of the output of each detector Is shown as a 
function of the degree of obscuration of the detector, 

50 In Figure 2. It will be seen that the intensity is a linear 
function of the degree of obscuration. It is conve- 
nient to provide four threshold levels of intensity, 
shown as T1 to T4 in Figure 2. Threshold level T1 
corresponds to a detector suffering between ¥4 and 

55 complete obscuration. The threshold level T2 corres- 
ponds to a degree of obscuration lying between V2 
and % of the complete obscuration, threshold level 
T3 corresponds to around 1/3 obscuration, and 
threshold level T4 corresponds to a degree of 

60 obscuration between 0 and lA. An analysing circuit 
responsive to the output of each detector assumes, 
for that detector, that if the threshold level T4 is 
exceeded then there is no portion of the document 
present. The circuit also assumes that if the 

65 threshold level T1 is not exceeded, then the detector 



is fully obscured. For levels exceeding threshold 
level T1 but not exceeding T2, % obscuration is 
assumed. For levels between T2 and T3, V2 obscura- 
tion is assumed, and for levels between T3 and T4, Va 

70 obscuration is assumed. 

The level of the intensity detected depends on the 
condition of the document, as shown in Figure 3. The 
graph G1 corresponds to the passage of a normal, 
new document. A greasy document transmits more 

75 light than normal, and results in a graph similarto 
G2. A soiled document generally transmits less light, 
and results in a graph G3. The spread between G2 
and G3 depends on the wavelength of the light 
employed. This effect produces a limit on the 

80 ultimate resolving power of the system, that Is the 
number of thresholds that can usefully be estab- 
lished, but the effect is small enough to permit a 
substantial improvement in resolution over previous 
systems using only one threshold. 

85 Figures 4A and 4B illustrate the use of individual 
Intensity measurements from the detectors to estab- 
lish the presence of holes in the document and the 
position of an edge of the document. In Figures 4A, a 
partially obscured detector P is preceded in the 

90 sequence by a row of totally obscured detectors 3, 
and is succeeded by a row of unobscured detectors 
4. The analysing circuit therefore recognises that the 
edge of the document lies at the detector P. Then 
depending on the degree of obscuration of detector 

95 P, the analysing circuit deduces the position of the 
edge to an accuracy better than Va. of the separation 
between adjacent detectors. For example, if 
threshold T3 was exceeded but T4 was not ex- 
ceeded, then detector P has a nominal Va obscura- 
100 tion, and the edge of the detector is assumed to lie at 
a position Va of the way across the detector P. 

The presence of a hole H is assumed where one or 
more partially obscured detectors are surrounded by 
groups 5 of totally obscured detectors, as shown in 
105 Figure 4B. Such a partially obscured detector Q lies 
between groups 5 of totally obscured detectors, and 
its presence is deduced by the analysing circuit. In 
the same figure, a partially obscured detector R is 
preceded by a group 5 of totally obscured detectors, 
110 and is succeeded by a group 6 of unobscured 

detectors; it is therefore indicative of the edge of the 
document. 

In addition to the location of holes and edges of 
documents, the analysing circuit Is capable of deter- 

115 mining the condition of the document. The intensity 
signal from any detector which is totally obscured by 
the document may be used to give an indication of 
the optical transmission factor (OTF) of the docu- 
ment. Measurement of the OTF overall or particular 

120 areas of the document Is used to determine the 

degree of soiling of individual documents. Needless 
to say, the intensity signal would be below all the 
thresholds T1 to T4 for the purposes of this measure- 
ment. 

125 The accuracy of the measurement of the intensity 
is improved by making the included angle of the 
light rays emanating from each source, and the 
acceptance angle of the corresponding detectors, as 
near to zero as possible. In other words, the beam of 

130 light passing through each region of the document 
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should be ideally a parallel beam of light. Using near 
parallel light also enables a greater variation in the 
position of the document between source and 
detector to be tolerated; clearly, if the light is 
5 accurately parallel, the position of the interception of 
the beam by the document is immaterial. 

Each detector is never completely obscured by the 
documents, due to the finite value of the OTF. This 
tends to limit the accuracy of the apparatus, and the 

10 limitations can be reduced by a suitable choice of the 
wavelength of light used. The OTF of paper docu- 
ments diminishes significantly as the wavelength is 
reduced, and consequently the maximum level To 
(Rgure 3) for completely obscured detectors is 

15 reduced. The variation between the intensities trans- 
mitted by documents of different conditions, as 
shown in Figure 3, is also reduced by using light of 
short wavelengths. 
In some situations there may be some variation in 

20 the intensity output from each detector due to 

phenomena unconnected with the characteristics of 
the documents, such as variations in the amount of 
light produced by each source, variations in the 
sensitivity of the detector, (both of which may 

25 possibly be caused by changes in the supply vol- 
tage), ageing, the deposition of dirt and dust and 
general wear on the lenses and other optical compo- 
nents, etc. In order to retain the necessary accuracy 
of measurement, an amplifier for each detector of 

30 the array of detectors D can be used which has an 
automatic gain control system so that the detector 
output occurring between the passage of documents 
is used to set the gain of the amplifier to give a full 
scale output with this signal. The time constant in 

35 the gain control circuit is chosen so that only slowly 
varying outputs can set the gain, in order that the 
reduction in the output occurring when a document 
passes should be indicated accurately. By this 
method, the outputs from all the detectors are 

40 normalised to the same full scale output. 

There are numerous extensions to the processing 
carried out by the analysing circuit, allowing a 
comprehensive assessment of the document's size, 
shape, orientation, degree of damage, soiling and 

45 greasiness to be made. 

Three types of optical system will now be de- 
scribed, with reference to Figures 5, 6 and 7. 

In Figure 5, a system employing fibre optics is 
shown. A light source L supplies light to all regions 

50 of a strip of the document 1 by means of an optical 
fibre fishtail array, the ends of the optical fibres 
constituting the array S of sources. Each optical fibre 
provides a slightly divergent source beam 7, with a 
finite included angle. The array of detectors D 

55 consists of the ends of identical optical fibres, the 
other ends of each of the optical fibres being 
connected to an equal number of photocells C, For 
each channel of light through the document, there is 
an optical fibre for providing the light, an optical 

60 fibre for collecting the light, and a photocell C for 
producing an intensity signal. The acceptance angle 
of the reception optical fibres, whose ends are held 
in the array of detectors D is generally equal to the 
divergence angle of light emanating from the source 

65 fibres, A converging beam of light 8 is thus collected 



by each reception fibre. The angle of light emanating 
from the source fibres and the acceptance angle of 
the reception of fibre is fixed by the refractive indices 
of the core and of the cladding of the individual 

70 fibres. This angle can be reduced by making a 
suitable choice of materials, and is preferably not 
larger than 20°. Alternatively, as shown in the 
arrangement of Figure 6, small lenses can be placed 
at the ends of each of the fibres to reduce these 

75 angles to suitable values. In Figure 6, a single light 
channel is shown, comprising the end SI of the 
source fibre, the end D1 of a reception fibre, and the 
two interposed lenses 9. 
An alternative system is shown in Figure 7, which 

80 does not use fibre optics, but places the lenses 9 
adjacent to an array of light emitting diodes and also 
to an array of photo-diodes. The light emitting 
diodes constitute the array of light sources S, and 
are individually connected to power sources via 

85 wires 10, The photodiodes constitute the array of 
detectors D, and are individually connected by wires 
1 1 to the analysing circuitry. 

With any of these optical systems, the use of light 
of lower wavelengths reduces the effector variations 

90 in the OTF, The accuracy of the measurement of the 
OTF is improved by using parallel or near parallel 
light. Also with any of these optical systems, the 
analysing circuitry may scan across the illuminated 
strip of the document 1 by analysing each of the 

95 intensity signals from the detectors in turn, in a 
cyclic arrangement. However, it is not necessary to 
scan In this manner, and the intensity signals from 
all of the detectors may be processed simultaneous- 
ly. With either method, once the analysing circuit has 
100 received intensity signals from all the detectors, it 
proceeds to analyse the condition of the document, 
and to detect the presence of holes or tears, and the 
position of the edge of the document, etc. Succes- 
sive determinations of the, position of the edge of the 
105 document may be used to deduce any error in the 
orientation of the document. For example, if the 
position of the edge changes slightly as the docu- 
ment is moved past the detectors, the edge is 
assumed to be slightly skew. The dimensions of the 
1 1 0 document may be determined by detecting the 
positions of opposite edges of the document in the 
manner described above. The width of the document 
in the direction in which it is moved p^ist the 
detectors, may be determined by con-;idering the 
115 speed of its motion past the detectors and the time 
for which is obscures some of the detectors. 

CLAIMS 

120 1. Apparatus for scanning a surface of a sheet or 
web to determine the position of fault- in the sheet 
or web or of the edge of the sheet or web, 
comprising a plurality of photoelectrir. sensors 
arranged transversely across the surf;ice to receive 

125 light from a corresponding plurality of elemental 
areas across a transverse strip of the f^urface, 
conveyor means for providing relative: longitudinal 
movement of the sheet or web with r6:=;peots to the 
sensor array, allowing the sensor arra/to scan the 

130 sheet or web longitudinally, and a processing circuit 
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to determine the relationships between the signal 
from each sensor, representing the intensity of 
received light, and three or more predetermined 
threshold values of intensity and, in accordance with 
5 the said relationships, to determine the transverse 
position of any discontinuity in the amount of light 
received from the elemental areas across the strip, 
corresponding to a fault in or an edge of the sheet, to 
a greater resolution than would be possible using 
10 only one threshold value of intensity for each sensor. 

2. Apparatus in accordance with claim 1, includ- 
ing a source of light for transmitting light through 
the elemental areas into corresponding ones of the 
said sensors, the light source extending transversely 

15 beyond at least one edge of the sheet or web thereby 
to transmit light directly to corresponding sensors. 

3. Apparatus in accordance with claim 1 or 2, 
wherein the number of threshold levels is four, so 
that the transverse position of any discontinuity is 

20 detected to the nearest quarter of the distance 
separating adjacent sensors. 

4. Apparatus in accordance with claim 1, 2 or 3, 
including means responsive to the signal obtained 
from a sensor which is completely obscured by the 

25 said sheet or web, to derive a signal indicative of the 
optical transmission factor of the region of of the 
surface which is obscuring the sensor. 

5. Apparatus In accordance with claim 1, 2, 3 or 
4, wherein the processing circuit includes means 

30 responsive to the said relationships between the 
signals and the threshold vaiues, to determine the 
position of an edge or both edges of the surface, by 
locating a group of adjacent sensors showing a 
transition from substantial obscuration to substan- 

35 tial transmission of light. 

6. Apparatus in accordance with claim 5, wherein 
the processing circuit further includes means re- 
sponsive to the said relationships between the 
signals and the threshold values, to determine the 

40 position of the edge or edges within the boundaries 
of the partially obscured sensor or sensors, by taking 
account of which threshold values are exceeded by 
the level of the signal derived from the partially 
obscured sensor or sensors. 

45 7. Apparatus in accordance with claim 5 or 6, 
wherein the processing circuit includes means re- 
sponsive to the said relationships to determine the 
position of a pin-hole or a tear in the surface, by 
determining which sensors are surrounded by 

50 groups of substantially obscured sensors. 

8. Apparatus in accordance with claim 7, wherein 
the processing circuit determines the precise posi- 
tion of the pin-holes or tears within the boundaries 
of the partially-obscured sensor or sensors which 

55 receive light through the pin-hole or tear, by taking 
account of which threshold values are exceeded by 
the level of the signal derived from the partially- 
obscured sensor or sensors. 

9. Apparatus in accordance with any preceding 
60 claim, wherein the sensors are coupled to corres- 
ponding areas of the surface by means of optical 
fibres or bundles of optical fibres. 

10. Apparatus in accordance with claim 2 or any 
claim appendant thereto, wherein the light source is 

65 coupled to the opposite face of the said surface by 



means of an array of optical fibres. 

11. Apparatus in accordance with claim 2 or any 
claim appendant thereto, wherein the light passing 
between the light source and the sensors is transmit- 

70 ted through the sheet or web in parallel or closely 
parallel beams. 

12. Apparatus in accordance with any of claims 1 
to 8, wherein the said transverse strip is illuminated 
by an array of light emitting diodes, and each sensor 

75 is a photo-diode arranged to receive light from a 
corresponding one of the light emitting diodes. 

13. Apparatus in accordance with claim 1 0, 1 1 or 
12, further including converging lenses interposed in 
the light path between elements of the light source 

80 and their corresponding sensors, for the purpose of 
forming a parallel or near parallel beam of light. 

14. Apparatus for scanning a surface, substan- 
tially as described herein with reference to the 
accompanying drawings. 
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